1. Introduction {#sec1}
===============

Inflammatory bowel diseases (IBD) are chronic inflammatory pathologies that primarily involve the gastrointestinal tract associated with a combination of environmental, genetic, and immunological pathogenetic factors. The consequence of this "worsening cooperation" is an uncontrolled immune response against self-antigen of the intestine, which acts as a trigger in genetically predisposed individuals to disease development \[[@B1]\]. Crohn\'s disease (CD) may occur in any region of the gastrointestinal tract involving, in most of the cases, the ileum and colon with a discontinuous, transmural, and granulomatous inflammation pattern, whereas ulcerative colitis (UC) only affects the colon and rectum and is restricted to the mucosal layer of the intestine which appears with a continuous and exudative inflammation pattern \[[@B2], [@B3]\]. Several studies have reported that the prevalence of cardiovascular risk factors such as obesity, dyslipidemia, diabetes, and hypertension is lower among subjects affected by IBD in comparison to the general population \[[@B1], [@B4], [@B5]\]. In accordance with this observation, we would expect a lower cardiovascular mortality and morbidity in IBD patients. However, on the contrary, cardiovascular disease incidence in patients with IBD seems to be increased \[[@B6]\]. It can therefore be hypothesized that there are other factors that play an important role in cardiovascular disease development in these subjects, such as chronic inflammation \[[@B1]\].

In chronic systemic inflammation diseases, the inflammation affects the arterial properties and causes both endothelial dysfunction and an increase of arterial stiffness. A relationship between increased arterial stiffness and inflammatory disorders has been described in a lot of inflammatory diseases including systemic vasculitis \[[@B7]\], rheumatoid arthritis \[[@B8]\], and systemic lupus erythematosus \[[@B9]\]. In this review, we analyze the relationship between inflammatory bowel disease inflammation and endothelial dysfunction in order to predict the possible role of this inflammation in cardiovascular disease development. Moreover, we focus our attention on the possible pharmacological and nonpharmacological therapeutic targets oriented to interrupt this dangerous link in order to reduce the cardiovascular morbidity and mortality in this category of patients.

2. Main Text {#sec2}
============

2.1. Arterial Stiffness in Chronic Inflammatory Diseases {#sec2.1}
--------------------------------------------------------

Several studies reported that arterial stiffness and endothelial function could be considered as markers of subclinical inflammation-associated organ damage \[[@B1], [@B10]\]. However, a small number of studies evaluated both endothelial function and arterial stiffness in subjects with IBD. Laurent et al. \[[@B11]\] in an expert consensus document described the gold standard procedure in order to assess regional arterial stiffness in daily practice and highlighted the direct relationship between arterial stiffness and the pulse wave velocity (PWV) measurement. PWV is measured by pressure waveforms obtained transcutaneously in correspondence to the right common carotid artery and the right femoral artery (carotid-femoral PWV). PWV is calculated by dividing the distance between two detection points for the time necessary to cover it. An increased carotid-femoral PWV is considered both a marker of target organ damage and a cardiovascular risk factor \[[@B1]\]. The relationship between arterial stiffness, PWV, and inflammation has been reported in patients with chronic inflammatory diseases, such as systemic vasculitis, and rheumatoid arthritis, and patients with increased concentrations of high-sensitivity C-reactive protein (hsRCP). Pietri et al. \[[@B12]\] reported a positive correlation between PWV, direct marker of arterial stiffness, and hsRCP, independently from blood pressure, in patients with untreated primary hypertension, as well as in normotensive individuals. Yasmin et al. \[[@B13]\] also reported the same data about healthy individuals. Endothelial dysfunction could be considered a possible mechanism linking inflammation and arterial stiffness. Inflammation may induce structural changes in the arterial wall, by altering the balance between elastin breakdown and synthesis. Indeed, several elastolytic enzymes, including matrix metalloproteinase-9, are known to be upregulated by inflammatory cytokines \[[@B13], [@B14]\]. Increased arterial stiffness in patients with inflammatory diseases could be reversible, since in patients with rheumatoid arthritis treated with drugs against tumor necrosis factor- (TNF-) *α*, some authors observed a reduced PWV comparable to that obtained by healthy individuals \[[@B8]\]. PWV has increased in patients with IBD without differences between CD and UC patients \[[@B15]--[@B19]\]. An increased functional and structural arterial stiffening was described in inflammatory diseases. These structural or functional changes are supported by endothelial dysfunction ([Table 1](#tab1){ref-type="table"}).

2.2. Endothelial Dysfunction and IBD {#sec2.2}
------------------------------------

Endothelial dysfunction is "an imbalance between vasodilating and vasoconstricting substances produced by (or acting on) endothelial cells" \[[@B20], [@B21]\]. Endothelial dysfunction is characterized by upregulation of cellular adhesion molecules, compromised barrier function, increased leukocyte diapedesis, and increased vascular smooth muscle tone. These phenomena are related to an impaired production of vasodilator substances such as nitric oxide (NO) as well as an increase of vasoconstrictor substances including endothelin that determine the appearance of a prothrombotic state \[[@B22]\].

Several authors demonstrated that sex and age could influence the endothelial function. Ciccone et al. showed in 2013 that endothelial dysfunction has worsened with advancing age and that it occurs earlier in males in comparison with women. In healthy men under 40 years, endothelial function seems to be preserved and after this phase of life, it seems to be worse; in healthy women, it seems to be preserved up to 50 years and decline thereafter \[[@B23]\].

Endothelial dysfunction has been widely demonstrated to be the first step in the development of atherosclerosis. The consequent alteration of the vasodilation due to endothelial dysfunction is considered as a cumulative result of the dangerous actions sustained by all the atherogenic factors. Indeed, some studies have shown that endothelial dysfunction is an independent risk factor for cardiovascular disease development \[[@B24], [@B25]\]. Endothelial function seems to be compromised in patients with IBD. Garolla et al. \[[@B26]\] demonstrated that the number of circulating endothelial precursor cells (EPCs), which are considered markers of both endothelial reparation and vascular healing, was significantly reduced in patients with IBD compared with healthy controls. Moreover, they also demonstrated that apoptotic endothelial precursor cells were higher in patients with IBD than in healthy controls. Finally, they hypothesized that in IBD patients, apoptosis contributes to the reduction of circulating EPC number and also influencing their ability to proliferate. This condition may represent a risk factor for cardiovascular disease and endothelial dysfunction in these patients \[[@B1]\].

Endothelial function is ensured thanks to the maintenance of a balance among different elements such as NO, endothelin 1, von Willebrand factor (vWF), and cellular adhesion molecule (CAM) superfamily \[[@B20], [@B27]\]. Inflammation leads to structural and functional changes in the vascular endothelium and its activation. These changes initially include increased leukocyte adhesiveness, leukocyte diapedesis, vascular smooth muscle tone, and procoagulant activity \[[@B20], [@B22], [@B28]\]. The interactions between integrins and chemokine receptors with endothelial and mucosal ligands promote activation of endothelial cells \[[@B20], [@B29], [@B30]\]. The recruitment of leukocytes happens thanks to the endothelial expression of CAMs and chemokines \[[@B20], [@B31], [@B32]\]. The recruitment of leukocytes is mainly mediated by a link between leukocyte CD11a/CD18 and ICAM-1 in the gut or by a link between *α*4-*β*1 or *α*4-b7, VCAM-1, and mucosal addressin cell adhesion molecule-1 (MAdCAM-1) \[[@B20], [@B29]\]. Microvascular expression of ICAM-1, VCAM-1, and MAdCAM-1 is upregulated in patients with IBD \[[@B20], [@B31], [@B33]\]. MAdCAM-1 interacts with *α*4*β*7 integrins on the surface of a subset of naive CD4+ T-cells; therefore, an increase of MAdCAM-1 expression intensifies the recruitment of *α*4 integrin-expressing leukocytes \[[@B34]--[@B36]\]. Several inflammatory mediators, such RCP, are known to influence vascular functions. Wang et al. \[[@B37]\] demonstrated that RCP acts on vascular smooth muscle cells upregulating the angiotensin type I receptor and stimulating the migration and proliferation of smooth muscle cells, inducing, moreover, an increase in the production of reactive oxygen species (ROS). Pasceri et al. \[[@B38]\] demonstrated that RCP induces the secretion of some chemokines, adhesion molecules, and E-selectin from the endothelial cells, whereas Venugopal et al. \[[@B39]\] demonstrated that RCP decreases NOS expression. In contrast to these authors, Clapp et al. \[[@B40]\] in 2005 showed that RCP increases NO in a blood vessel cell model in vitro. However, further investigations are needed to establish if RCP is able to alter endothelial function, either favorably or unfavorably. Other inflammatory mediators implicated in vascular dynamics are IL-1, TNF-*α*, NO, vascular endothelial growth factor (VEGF), CD40-CD40 ligand, and IL-6, which are upregulated in IBD \[[@B41]--[@B45]\]. Increased levels of proinflammatory cytokines, such as IL-1 and TNF-*α*, and oxidative stress products are responsible for some structural changes in the muscle cells of the vascular walls because they induce an increase of the expression of matrix metalloproteinases and serine proteinases with subsequent degradation of elastin and collagen. Muscle cells of the vascular wall express osteoblast markers and are able to take up phosphate and produce bioapatite. This process produces wall calcifications and reduces vessel elasticity \[[@B1], [@B46]\]. Inflammatory cells, such as macrophages, lymphocytes, mast cells, and fibroblasts, produce angiogenic factors and promote pathological angiogenesis in inflammatory tissues \[[@B20], [@B33], [@B47]\]. VEGF, fibroblast growth factor, and TNF-*α* upregulation are stimulated by hypoxia in the inflamed area, with the successive production of vessels \[[@B20], [@B47]\]. A significant increase in endothelial CD40 expression is also reported in patients with active IBD and it results in increased recruitment of leukocytes expressing CD40L and also of platelets \[[@B20], [@B34]\]. CD40 has been found in atherosclerotic plaques and is overexpressed in both intestinal mucosa and circulating platelets of IBD patients. The CD40-CD40L pathway stimulates mucosal inflammation and causes increased production of proinflammatory cytokines, such as IL-8, chemokines, and cell adhesion molecules, and causes angiogenesis-stimulating intestinal fibroblasts to release angiogenic cytokines \[[@B20], [@B42]\] ([Figure 1](#fig1){ref-type="fig"}). CD40 binding stimulates the production of TNF-*α*, which increases CD40 expression \[[@B20], [@B43]\]. These mechanisms are the basis of structural changes in the vessel wall, including capillary and venule remodeling and proliferation of endothelial cells.

NO is a mediator that plays a critical role in vascular homeostasis. It is generated from conversion of L-arginine to citrulline by NOS isoforms. Mammals have three isoforms of NOS, two of them are constitutive: endothelial NOS (eNOS) and neuronal NOS (nNOS); the other one is produced in response to inflammatory stimuli (inflammatory cytokines): inducible NOS (iNOS) \[[@B48]\]. NO increases the concentration of cyclic guanosine monophosphate, which has a vasodilation effect, inhibits the expression of cytokines, chemokines, and leukocyte adhesion substances, inhibits blood platelet adhesion and aggregation, and limits the proliferation of smooth muscle cells in the vascular wall. Arginase is an enzyme that acts in the opposite way to NOS and its expression is increased in IBD patients. For this reason, there is a decreased NO production in patients with IBD \[[@B20], [@B33], [@B49], [@B50]\]. eNOS-derived NO is a radical scavenger able to absorb O~2~ and generate the potent oxidant peroxynitrite (NO~3~^−^). TNF-*α* expression is increased in patients with IBD, binds TNF receptor and leads to diminished eNOS protein expression, and suppresses eNOS activity. Therefore, there is a low NO availability \[[@B20], [@B22]\] that consequently a vasoconstriction occurs, because of smooth muscle cell relaxation reduction. This mechanism is responsible for functional increase of arterial stiffness observed among subjects affected by chronic inflammation \[[@B1]\]. The levels of asymmetric dimethylarginine (ADMA) plasma, an endogenous eNOS inhibitor, are inversely correlated with NO plasma levels, and it is elevated in numerous diseases associated with cardiovascular risk; indeed, high ADMA levels are also associated with an increased cardiovascular risk \[[@B22], [@B51], [@B52]\]. Chronic inflammatory diseases are generally associated with increased oxidative stress. Proinflammatory cytokines, including TNF-*α*, are mainly responsible for the increase of ROS production in inflammatory diseases. TNF-*α* increases activity of NADPH oxidases (NOX), which catalyze the transfer of electrons to molecular oxygen in order to generate superoxide by neutrophils and endothelial cells \[[@B22], [@B53], [@B54]\]. Superoxide reacts with NO to produce peroxynitrite, thereby decreasing NO bioavailability. In addition to its production by NOS and metabolism by ADMA, NO bioavailability is also modulated by ROS \[[@B55]\]. Superoxide and other ROS are capable to increase the activity of nuclear factor- (NF-) *κ*B, a critical step in the transformation of endothelial cells in "activated cells" characterized, in part, by an increase of surface expression of CAMs \[[@B22], [@B56], [@B57]\]. NF-*κ*B activation may also stimulate NOX expression, further enhancing ROS production in the endothelium and regenerating the destructive loop of inflammation and oxidative stress \[[@B22], [@B58]\]. ROS produced in the inflamed area inhibit cleavage of vWF molecules and it may cause microvascular thrombosis in patients with IBD \[[@B27], [@B30], [@B59]\]. An increase of plasminogen activator inhibitor type 1 (PAI-1) and reduction of tissue-type plasminogen activator (t-PA) and urokinase-type plasminogen activator (u-PA) have been found in mesenteric vascular walls of patients with IBD \[[@B60], [@B61]\]. It means that the coagulation process is deeply altered in IBD. ROS production induces smooth muscle cell hypertrophy and intima proliferation through the activation of protein kinases activated by the mitogen (MAPk) pathway ([Table 2](#tab2){ref-type="table"}). The endothelial dysfunction could be diagnosed through two main methods: physical and biochemical method. The first one is based on assessing vasodilation in large arteries in response to increased flow and receptor stimulation, mainly acetylcholine \[[@B20]\]. The most sensitive and widely used is the flow-mediated vasodilatation (FMD), but it is less sensitive in detecting early changes of the endothelium function, similarly to each physical method. Several studies demonstrated a decrease of FMD in IBD patients with active diseases but no changes in the carotid intima-media thickness compared to healthy control (c-IMT) \[[@B20], [@B62]\]. Roifman et al. \[[@B41]\] demonstrated lower pulse arterial tonometry (PAT) values in patients with IBD compared to healthy control. Theocharidou et al. \[[@B63]\] reported an increase of c-IMT in patients with IBD; however, they did not find any correlation with the activity of the diseases. c-IMT is the main early vascular wall morphological change preceding plaque formation \[[@B64]--[@B66]\]. Although some studies \[[@B62], [@B67], [@B68]\] did not find any difference in c-IMT values between patients with IBD and controls, other studies \[[@B63]--[@B65]\] identified a higher c-IMT in the IBD group than in the control group, even if patients and controls did not show higher cardiovascular risk factors \[[@B66]\] ([Table 3](#tab3){ref-type="table"}).

Biochemical methods are based on the assessment of the synthesis of compounds produced by both normal and damaged endothelium. Different studies evaluated these markers; however, the outcomes are difficult to interpret. Some studies reported an increase of the levels of VEGF, ICAM-1, and E-selectin in the serum of patients with IBD \[[@B69], [@B70]\]. Magro et al. \[[@B71]\] demonstrated lower levels of angiogenetic factors (P-selectin, E-selectin, VCAM, ICAM, and VEGF) in serum of patients with inactive CD than of controls, thus suggesting a dysfunction of angiogenic process and wound repair. Other reliable biochemical methods have been described in the diagnosis of endothelial dysfunction by using biochemical parameters ([Table 3](#tab3){ref-type="table"}).

2.3. Cardiovascular Risk and IBD {#sec2.3}
--------------------------------

Chronic inflammatory diseases are associated with accelerated atherosclerosis and increased risk of cardiovascular diseases (CVD) with increased cardiovascular morbidity and mortality compared to the general population \[[@B5], [@B22], [@B72], [@B73]\]. The risk for CVD is controversial in patients with IBD, since different studies highlighted an increased risk for CVD \[[@B5], [@B20], [@B74], [@B75]\], whereas others demonstrated lack of evidence for an increased risk of mortality due to CVD ([Table 4](#tab4){ref-type="table"}) \[[@B6], [@B20], [@B76], [@B77]\]. Ozturk et al. \[[@B78]\] suggested that patients with IBD without classic cardiovascular risk factors have a higher risk for endothelial dysfunction and atherosclerosis. Ciccone et al. demonstrated a strong correlation among body mass index (BMI), inflammation indices, RCP, erythrocyte sedimentation rate (ESR), and physical parameters of endothelial dysfunction, c-IMT, and FMD, in obese children. Because the presence of these factors is strongly related to endothelial function and to the development of atherosclerosis, the authors themselves stated that atherosclerosis could begin very early in life, during childhood, and the same author showed that the worsening of endothelial function was related to age \[[@B79]\]. IBD in active phase was related to enhanced risks of worse CVD outcome; on the other hand, no risk increase was found in remission compared to the control group in a large number of studies \[[@B5], [@B80]\]. Inflammatory mediators, such as RCP, TNF-*α*, IL-6, IL-18, and CD40L, are involved in the pathogenesis of inflammation and atherosclerosis \[[@B81], [@B82]\]. Endothelial dysfunction represents a very important pathogenetic key step in the initiation and maintenance of atherosclerosis in the general population and may be a marker for a future risk of cardiovascular events \[[@B74]\]. Inflammatory process underlies endothelial dysfunction and atherosclerosis pathogenesis; therefore, mechanisms linking systemic inflammatory diseases and atherosclerosis may be better understood with the analysis of the endothelium. Multiple factors, including circulating inflammatory cytokines, TNF-*α*, ROS, oxidized low-density lipoprotein (LDL), and traditional risk factors, activate, directly and indirectly, endothelial cells leading to impaired vascular relaxation, increased leukocyte adhesion, increased endothelial permeability, and generation of a prothrombotic state. The presence of endothelial dysfunction has been further considered in active phases of the diseases. However, this observation has been reached by comparing the active phase of the diseases to the control group. There is no certain data about a direct comparison of active and remission phases of the diseases \[[@B80]\], though IBD implies an increased cardiovascular risk \[[@B60], [@B83], [@B84]\] and the entity of the risk directly correlates with disease activity in a lot of studies. In these studies, the induction of the remission is able to reverse endothelial dysfunction in IBD, achieving a level similar to non-IBD subjects. This evidence allows to hypothesize that an adequate medical management of IBD may be able to reverse the increased cardiovascular risk characterizing active disease \[[@B85], [@B86], [@B87]\]. Adequate disease management would therefore be important already in childhood; as shown by Ciccone et al., atherosclerosis is a process that can begin in childhood; we should always try to manage patients with IBD well to keep the level of these atherosclerotic factors as always low, because several studies demonstrated presence of a lot of atherosclerotic markers in children affected by IBD \[[@B79]\].

Several studies have demonstrated an increased risk of cardiovascular disease in patients with IBD; however, regarding mortality risk, the evidences are less clear. Kristensen et al. \[[@B85]\] did not find an increased risk for CVD in patients with IBD without classic CVD risk factors after a 2-year follow-up. Singh et al. \[[@B88]\], in a meta-analysis of about 33 observational studies, showed a higher risk for ischemic heart disease and arterial thromboembolism in patients with IBD, but the increased risk for cardiovascular mortality was not observed. Fumery et al. \[[@B89]\], in a meta-analysis of 9 studies, demonstrated that patients with IBD had a significant increase in the risk of cardiovascular morbidity, particularly in women; however, in this paper, the mortality was not addressed. Kristensen et al. \[[@B85]\], in a cohort study, demonstrated an increased risk of myocardial infarction in patients with IBD during the active phase, whereas no risk was observed in remission. Dorn et al. \[[@B6]\], in a 2007 meta-analysis of 11 studies, failed to demonstrate an increased risk of cardiovascular mortality in patients with IBD. Consequently, they concluded that IBD was not associated with a higher incidence of cardiovascular disease. This last cited meta-analysis had numerous drawbacks \[[@B6], [@B41]\]. It is important to emphasize that some patients with CD are tobacco smokers; indeed, tobacco may also contribute to worsen endothelial damage \[[@B90]\]. These findings indicate that prospective studies are needed to determine the actual risks for CVD in patients with IBD.

2.4. Therapy: Pharmacological and Nonpharmacological Targets {#sec2.4}
------------------------------------------------------------

IBD development consists of active and remission periods, and the aim of the therapy is to suppress the active phases. The endothelial dysfunction that underlies the increased cardiovascular risk in these patients is sustained by inflammation and oxidative stress. Therefore, the reduction of these two factors is associated with a reduction of endothelial dysfunction. In chronic inflammatory diseases, there are two types of treatments that can reduce the mediators of inflammation and oxidative stress. The first one is the classical drug therapy that is used to reduce the inflammation associated with the disease. Another therapy, widely used in clinical practice in patients with IBD, is anti TNF-*α* therapy, infliximab, or biosimilars. TNF-*α* is a very important cytokine in IBD, whose overexpression appears to be a common element in IBD pathogenesis. TNF-*α* is a cytokine involved in the pathogenesis and progression of atherosclerosis \[[@B91]\]. This cytokine seems to have a key role, as previously described, in endothelial dysfunction; indeed, intravascular administration of recombinant TNF-*α*, in both humans and experimental animals, leads to a reduction in endothelium-dependent relaxation in vitro and in vivo \[[@B25], [@B92]\]. Some authors showed that treatment with infliximab, in rheumatoid arthritis, improves endothelial dysfunction since it improves FMD, even if all the treatments used for rheumatoid arthritis tend to improve FMD. Therefore, further studies are needed to better understand the best therapy to be used in order to reduce endothelial dysfunction among these patients \[[@B93]\]. Mäki-Petäjä et al. \[[@B8]\] demonstrated that anti-TNF-*α* therapy ameliorated aortic stiffness, evaluated by PWV, compared to healthy subjects in patients with rheumatoid arthritis. With respect to IBD, there is a lack of data in literature about the effects of anti-TNF-*α* and CVD in IBD patients and about endothelial dysfunction and the role of anti-TNF-*α* regarding this field. Schinzari et al. \[[@B25]\] demonstrated that endothelial dysfunction is beneficially affected by intravascular TNF-*α* neutralization in patients with CD. Danese et al. \[[@B94]\] reported that anti-TNF-*α* can reduce thrombus formation and adhesion to the endothelium by interfering with the CD40/CD40L pathway.

The second treatment is a nonpharmacological therapeutic approach, because it is based on substances with antioxidant properties among which there are natural and synthetic antioxidants. Several authors have reported the involvement of oxidative stress in the pathogenesis of IBD and consequently the presence of ROS, such as anion peroxide and hydrogen peroxide, into the mucosa of patients with IBD and in experimental colitis models. Oxidative stress also underlies endothelial dysfunction, as previously mentioned; for this reason, it can be deduced that by reducing endothelial dysfunction through the use of antioxidants, it should also improve.

Natural antioxidants contain a wide variety of compounds, mainly phenol and polyphenols, flavonoids, carotenoids, steroids, and thiol. They can prevent cell vascular damage, thus reducing the risk of chronic diseases \[[@B48], [@B95]\]. Among the natural antioxidant compounds studied in the prevention of vascular damage are vitamin E, vitamin C, goji berries, thymus extracts, rosemary, green tea, and garlic, as reported in [Table 5](#tab5){ref-type="table"}. Vitamin E prevents ROS overproduction, improving the release of prostacyclin, a powerful vasodilator and inhibitor of platelet aggregation. Vitamin E supplementation has been proposed in the diet in order to reduce cardiovascular risk \[[@B48], [@B96], [@B97]\]. Vitamin C prevents damage from lipid peroxidation by free oxygen radicals \[[@B48], [@B98]--[@B100]\]. Goji berries increase endogenous antioxidant power; they are able to increase the activity of antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px) \[[@B48], [@B101], [@B102]\]. Some authors have reported that the treatment with SOD, an enzyme that converts the superoxide anion into hydrogen peroxide, has a healthy effect in both the prevention of experimental colitis and its treatment \[[@B103], [@B104]\]. Seguí et al. \[[@B105], [@B106]\] demonstrated that treatment with SOD, in a model of experimental colitis, improved the severity of intestinal damage from both a macroscopic and a microscopic point of view. Seguí et al. demonstrated that SOD induced a reduction in the expression of adhesion molecules, such as VCAM-1, ICAM-1, and MAdCAM-1, and therefore as a consequence, the recruitment of leukocytes at the site of inflammation. Thymus extracts have a free radical scavenging activity \[[@B107], [@B108]\]. Green tea has an anti-inflammatory activity, reducing both the expression of both cyclooxygenases, the constituent one (COX-1) and the inducible one (COX-2), and the quantity of ROS thanks to the action of flavonoids such as epigallocatechin gallate and gallic acid contained in green tea \[[@B109], [@B110]\]. Garlic increases NO, SOD, and GSH-Px activity and has an anti-inflammatory activity by reducing TNF-*α* expression \[[@B48], [@B111]\]. Synthetic antioxidants are N-acetyl-cysteine and propionyl-L-carnitine. N-Acetyl-cysteine is the intracellular precursor of glutathione, a substance with an excellent antioxidant activity furthermore minimizing oxidative stress in both endothelial cells and smooth muscle cells \[[@B112]\]. Sasaki et al. \[[@B113]\] showed that treatment with N-acetyl-L-cysteine or with pyrrolidine dithiocarbamate reduced TNF-*α*-induced MADCAM-1 expression. Propionyl-L-carnitine is an L-carnitine ester required in the transport of fatty acids for the production of *β* oxidation and adenosine triphosphate \[[@B114]\]. It has been proven to be a scavenger of superoxide, thus reducing oxidation stress in endothelial cells; indeed, Stasi et al. \[[@B115]\] demonstrated that propionyl-L-carnitine counteracted the increase of oxidative stress in the intestinal microvasculature of patients with UC. It also prevents NO decrease and therefore favors vasodilation, counteracting endothelial dysfunction, and it reduces NOX and ICAM-1 expression in experimental ischemia in rabbit limbs \[[@B115]\].

In literature, there are a large number of studies concerning the use of natural antioxidants in IBD, especially in animal models, which show how these substances with antioxidant properties can improve bowel damage both macroscopically and microscopically. In this regard, D\'Argenio et al. \[[@B116]\] demonstrated the healthy effect of apple polyphenol extract in trinitrobenzensulphonic acid-induced colitis, an efficacy mediated by its effects on COX-2 and TNF-*α*. Binion et al. \[[@B117]\] demonstrated that curcumin reduced VCAM-1 expression. Zhang et al. demonstrated that *α*-lipoic acid, sulfhydryl compound, found in all plant and animal species, inhibits VCAM-1 expression by suppressing NF-*κ*B in human aortic endothelial cells. Sakthivel et al. \[[@B118]\] demonstrated the healthy effect of amentoflavone, which is a bioflavonoid active ingredient of the plant *Biophytum sensitivum* and of other plants, in an experimental colitis model since it inhibits iNOS and COX-2 expression \[[@B119]\].

3. Conclusions {#sec3}
==============

A higher prevalence of classic cardiovascular risk factors is usually associated with a higher risk of cardiovascular events. However, this consideration cannot be applied to patients with IBD. Although patients with IBD have a lower prevalence of classic cardiovascular risk factors than in the general population, they have an increased risk of CVD. In patients with IBD, body mass index, lipid levels, diabetes, obesity, and hypertension are lower than in the general population \[[@B1], [@B4], [@B5], [@B120], [@B121]\]. In patients with IBD, there is an endothelial dysfunction that causes an increased arterial stiffness. There are no standardized therapies, and many studies in the literature evaluate how, reducing the endothelial dysfunction in patients with IBD, cardiovascular risk can be reduced. Endothelial dysfunction has inflammation and oxidative stress as its genesis. The effects of different therapies aimed at reducing these endothelial dysfunction mediators are not well known. Anti-TNF-*α* therapy appears to be associated with improvements in both endothelial function and arterial stiffness; however, further studies are needed to determine whether the improvements in arterial stiffness and endothelial function are associated with a decreased risk of cardiovascular events in subjects with IBD. With respect to natural or synthetic antioxidant substances, a large number of studies evaluate the effect on cardiovascular health. Furthermore, these studies demonstrate that vitamin E, vitamin C, goji berries, thymus extracts, rosemary, green tea, and garlic have a healthy effect on oxidative stress and inflammation, reducing them. Other substances, similar to antioxidants, were described, especially in models of experimental colitis, to be very effective in reducing macroscopic and microscopic damage, oxidative stress, and the most important mediators of inflammation. Consequently, we can suppose that in patients with IBD, these substances could be used as an adjunct to the traditional therapy, not only to improve the outcome of IBD but also to reduce cardiovascular risk. Further studies are needed to demonstrate the role of these substances.
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![Mechanisms of inflammation-derived endothelial dysfunction. The CD40-CD40L pathway stimulates mucosal inflammation and causes increased production of proinflammatory cytokines, such as interleukin- (IL-) 8, chemokines, and cell adhesion molecules, and causes angiogenesis-stimulating intestinal fibroblasts to release angiogenic cytokines.](OMCL2018-2568569.001){#fig1}

###### 

Main studies on PWV for evaluation of arterial stiffness.

  --------------------------------------------------------------------------------------------------------------------
  Authors (year)              Type of article      Studied people                                         Ref.
  --------------------------- -------------------- ------------------------------------------------------ ------------
  Laurent et al. (2006)       Consensus document   Healthy people and people with inflammatory diseases   \[[@B11]\]

  Pietri et al. (2006)        Prospective study    Uncomplicated, never-treated\                          \[[@B12]\]
                                                   Essential hypertension people                          

  Yasmin et al. (2004)        Prospective study    Healthy people                                         \[[@B13]\]

  Mäki-Petäjä et al. (2006)   Prospective study    Rheumatoid arthritis people and healthy people         \[[@B8]\]

  Zanoli et al. (2012)        Prospective study    Inflammatory bowel disease people and healthy people   \[[@B15]\]

  Akdoğan et al. (2013)       Prospective study    Ulcerative colitis people and healthy people           \[[@B16]\]

  Korkmaz et al. (2014)       Prospective study    Inflammatory bowel disease people and healthy people   \[[@B17]\]

  Aytac et al. (2015)         Prospective study    Inflammatory bowel disease people and healthy people   \[[@B18]\]

  Zanoli et al. (2014)        Prospective study    Inflammatory bowel disease people and healthy people   \[[@B19]\]
  --------------------------------------------------------------------------------------------------------------------

###### 

Mediators involved in endothelium dysfunction.

  ------------------------------------------------------------------------------------------------------------------------------------------
  Author(s) (year)              Studied factors                                                                                Ref.
  ----------------------------- ---------------------------------------------------------------------------------------------- -------------
  Garolla et al. (2009)         EPCs                                                                                           \[[@B26]\]

  Scaldaferri et al. (2011)     NO, endothelin 1, vWF, and CAM superfamily                                                     \[[@B27]\]

  Charo et al. (2006)           Integrins and chemokine receptors                                                              \[[@B29]\]

  Hatoum et al. (2003)          CAM superfamily and chemokines                                                                 \[[@B31]\]

  Danese et al. (2011)          ICAM-1 and VCAM-1                                                                              \[[@B36]\]

  Briskin et al. (1997)\        MAdCAM-1, CD4, and *α*4*β*7 integrins                                                          \[[@B34]\]\
  Burgio et al. (1995)\                                                                                                        \[[@B35]\]\
  Cromer et al. (2011)                                                                                                         \[[@B36]\]

  Wang et al. (2003)\           RCP                                                                                            \[[@B37]\]\
  Pasceri et al. (2000)\                                                                                                       \[[@B38]\]\
  Venugopal et al. (2005)\                                                                                                     \[[@B39]\]\
  Clapp et al. (2005)                                                                                                          \[[@B40]\]

  Roifman et al. (2008)\        IL-1, TNF-*α*, NO, VEGF, CD40-CD40-ligand, and IL-6                                            \[[@B41]\]\
  Danese et al. (2007)\                                                                                                        \[[@B42]\]\
  Danese et al. (2006)\                                                                                                        \[[@B43]\]\
  Kullo et al. (2005)\                                                                                                         \[[@B44]\]\
  Vita et al. (2004)                                                                                                           \[[@B45]\]

  Floege et al. (2004)          IL-1, TNF-*α*, ROS, matrix metalloproteinases, serine proteinases                              \[[@B46]\]

  Koutroubakis et al. (2006)    Inflammatory cells (macrophages, lymphocytes, mast cells, and fibroblasts),VEGF, and TNF-*α*   \[[@B47]\]

  Horowitz et al. (2007)        NO                                                                                             \[[@B49]\]

  Steyers et al. (2014)         TNF-*α* and NO                                                                                 \[[@B22]\]

  Sibal et al. (2010)\          ADMA                                                                                           \[[@B51]\]\
  Boger et al. (2009)                                                                                                          \[[@B52]\]

  Kleinbongard et al. (2010)\   TNF-*α*                                                                                        \[[@B53]\]\
  Picchi et al. (2006)                                                                                                         \[[@B54]\]

  Kalinowski et al. (2004)      NADH/NADPH                                                                                     \[[@B55]\]

  Kundu et al. (2012)\          ROS, NF-*κ*B, and CAM superfamily                                                              \[[@B56]\]\
  Wolin (2000)                                                                                                                 \[[@B57]\]

  Biniecka et al. (2011)        NF-*κ*B, NOX, and ROS                                                                          \[[@B58]\]

  Lancellotti et al. (2010)     vWF                                                                                            \[[@B59]\]

  Ciccone et al. (2015)\        PAI-1, t-PA, and u-PA                                                                          \[[@B60]\]\
  Desreumaux et al. 1(999)                                                                                                     \[[@B61]\]
  ------------------------------------------------------------------------------------------------------------------------------------------

EPCs: endothelial precursor cells; NO: nitric oxide; vWF: von Willebrand factor; CAM: cell adhesion molecule; ICAM-1: intercellular adhesion molecule; VCAM-1: vascular adhesion molecule; MAdCAM-1: mucosal addressin cell adhesion molecule-1; RCP: reactive C protein; IL: interleukin; TNF: tumor necrosis factor; VEGF: vascular endothelial growth factor; ROS: reactive oxygen species; ADMA: asymmetric dimethylarginine; NAD: nicotinamide adenine dinucleotide; NADP: nicotinamide adenine dinucleotide phosphate; NF-*κ*B: nuclear factor kB; PAI: plasminogen activator inhibitor; t-PA: tissue-type plasminogen activator; u-PA: urokinase-type plasminogen activator.

###### 

Most popular parameters for diagnosis of endothelium dysfunction.

  ---------------------------------------------------------------------------
  *Biochemical parameters*
  Intercellular adhesion molecule-1 (CAM-1)
  Selectins P and E
  Vascular adhesion molecule-1 (VCAM-1)
  Vascular endothelial growth factor (VEGF)
  von Willebrand factor (vWF)
  Tissue plasminogen activator (t-PA)
  Thrombomodulin
  Plasminogen activator inhibitor (PAI-1)
  Asymmetric dimethylarginine (ADMA)
  Disintegrin and metalloproteinase with thrombospondin motif-13 (ADAMTS13)
  Angiopoietin-1
  Angiopoietin-2
  *Physical parameters*
  Flow-mediated dilatation (FMD)
  Carotid intima-media thickness (c-IMT)
  Pulse wave velocity (PWV)
  Pulse arterial tonometry (PAT)
  ---------------------------------------------------------------------------

###### 

Association between cardiovascular diseases and inflammatory bowel diseases.

  ----------------------------------------------------
  Authors (year)           Association   Ref.
  ------------------------ ------------- -------------
  Yarur et al. (2011)\     Yes           \[[@B5]\]\
  Ciccone et al. (2015)\                 \[[@B60]\]\
  Rungoe et al. (2013)\                  \[[@B75]\]\
  Fumery et al. (2014)\                  \[[@B88]\]\
  Singh et al. (2014)                    \[[@B89]\]

  Dorn et al. (2007)\      No            \[[@B6]\]\
  Jess et al. (2007)\                    \[[@B76]\]\
  Bewtra et al. (2013)\                  \[[@B77]\]\
  Ruisi et al. (2015)                    \[[@B122]\]
  ----------------------------------------------------

###### 

Natural antioxidant compounds for prevention of vascular damage.

  ----------------------------------------------------------------
  Author (year)                   Compound          Ref
  ------------------------------- ----------------- --------------
  Bielli et al. (2015)\           Vitamin E         \[[@B48]\]\
  Tran et al. (1990)\                               \[[@B96]\]\
  Brigelius-Flohé et al. (2013)                     \[[@B97]\]

  Bielli et al. (2015)\           Vitamin C         \[[@B48]\]\
  Armour et al. (2001)\                             \[[@B98]\]\
  May et al. (2013)\                                \[[@B99]\]\
  Heitzer et al. (1996)                             \[[@B100]\]

  Bielli et al. (2015)\           Goji berries      \[[@B48]\]\
  Amagase et al. (2009)\                            \[[@B101]\]\
  Li et al. (2007)                                  \[[@B102]\]

  Martins et al. (2015)\          Thymus extracts   \[[@B107]\]\
  Nickavar et al. (2012)                            \[[@B108]\]

  Bielli et al. (2015)            Rosemary          \[[@B48]\]

  Murase et al. (2006)\           Green tea         \[[@B109]\]\
  Lu et al. (2012)                                  \[[@B110]\]

  Bielli et al. (2015)\           Garlic            \[[@B48]\]\
  Kim et al. (2001)                                 \[[@B111]\]
  ----------------------------------------------------------------

[^1]: Academic Editor: Saeid Golbidi
